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The effect of FN i) o/ de\~gue virus infection of human monocytic cells
* was studieK., Pretrea ment of 093- cells with IFN-Y results in a significant

increase in he number of ng~e-infected cells and in the yield of infectious
virus. IFN-* does not aug ent engue virus infection when cells are infected

with virus %n the absence of anti-dengue antibodies, IFN, does not augment

dengue vi s infections when cells are infected with virus in the presence of

F(ab')2 prepared from anti-denguo IgG. HumanY- globulin inhibits IFN-rinduced
augmentttion. IFN-ý increajes the number of Fco receptors on U937 cells. The

increase in the percentage of denue antigen-positive cells correlate with the

increase in the number of Fd rrece~tors after rIFN-I treatment. These results
* iLicate that IFN-r-induced augment'ation of dengue virus infection is Fay

receptor-mediated. IFN r augments dMue virus infection of human monocytes
enriched from PBMC.

.-... These result indicate that PBMZC am dengue-immune donors contain CD4& T

cells which proliferate and pr e, E after stimulation with dengue

Santigens, and suggest that the•FN which is produced by these stimulated

dengue-specific T cells may contribute to the pathogenesis of dengue
hemorrhagic fever and dengue shook syndrome by increasing the number of dengue

virus-infected monocytes in the presence of cross-reactive anti-dengue
antibodies. &-L(I\
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I. WBObICIR

[mrie infecticos are a major cause of morbidity worldwide, and hemorrhagic
fwer and shock are vezy severe and frequently fatal complicatiors of dengue
infectios (1). 7hese cuplicaticne are -ir cmmonly observed in irdivid1s
urerg•oiDg a scoary dengue infection with a different dengue serotype than
thEy eriamed as their prlmry infection (2). It has been speculated that
dmngu herrhagic fever (Uf) and d shock syndrce (DSS) are meiated by
host imune mechanism.

We have beg to define the role of deuzue-specific T lymphocytes in the
pat~hoceresis of IIF/DSS. To dress this question we establish-4 dengue-
specific T cell clo . In this report we describe the characteristics oftheme clones. MW hav CD37+, CD4÷,, CDS- O~awotype and repn to four
serotype of deo* antigens with the highest respau to dengue 3 antigen.
7hey produes UNy after stimulation with dengue antigens. Thel N b produced
au ts dege virus infection of human monocyt•es and mnocytic cells in the

pr~U~Sof anti-derague antibody.

II. RE9IJM
A. Dog=e virus-secific T cell resccmes in bilk c=l=

A-1. Prol1ferative b-r Lp of PBW LrM agae-inume dors] induced by

We attempted to birwe dengue antigen-specific proliferative rsponses of
lyuIpocyte. Sonicated, denue-infected Vero cells were used as dengue
antigens. P Ef ! n a dengue antibody-positive drnor were cultured with dergue
or catrol antigens diluted at various uceitraticrs, and 3H-'iTd iroorpora-

* ticn was exmnlned. Dengue antigens indce significant proliferative respowes
Sof PM, and there vs a good correlation between the level of the prolifera-

tive resoes and the con•ontration of dengue antigens (Figure 1). Control
antigen did not Induce significant proliferative responses. A time course
study showed that the proliferative responses reached maxim= levels on day 6
(data rot presented).

7he results shown in Figure 2 illustrate the proliferative responses of
P~d obtained frcm eleven Thai donors and two American donors who were known to
have previosly been infected with dengue virus. The FHC from these donors
showe significant proliferative responses induced by dengue antigens (8/9 with
dengzue 1 q; 10/13 with dengue 2 Ag; 5/7 with dengue 3 Ag; 5/7 with dengue 4
Ag). ITe PR3C from NMachausetts blood bank donors did not significantly
proliferate in response to dengue antigens. The failure of F3r of some Thai
donors to respond to certain dengue antigens may be due in part to the factthat PEW were derived from healthy adults, and dengue infections are most[in- during childhood. Table 1 contains a sunmary of the positive prolifera-

tive res es uxtxDP by dengue antigens using PEW from Thal and American
donors. These results indicate that antigens of the four dengue serutypes can
i-Khdu proliferative responses using PE9C frou dengue antibody-positive donors.
Neither dengue antigens nor control antigend induced significant proliferative
respes of Pff•2 from non-n donors.
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Table 1: A senmwy of the proliferative reaers of P1E• frun dengue
i=W* donors to dergus *tige a.a

M O Non-im -
A&M UUM90 M H-:MM incorpratio

No. of Stial ation, No. of Stimulation
donoirs Index Cp..M, donors nDxex C.pm..

DenA 1 8 7.4 9011 6 1.0 664
(2.8-15.7) (1018-19343) (0.5-2.0) (142-2357)

D=" 2 10 7.5 4644 9 1.1 1038
(2.2-19.5) (1019-10M72) (0.6-1.4) (93-2897)

Imer 3 5 6.6 6005 7 1.1 732
(2.1-9.9) (1706-13762) (0.7-1.9) (158-1975)

Denge 4 5 8.2 7936 5 1.3 611
(2.4-21.5) (2153-1717,3) (0.8-1.8) (185-1275)

Oont(ro1 11 - 1046 9 - 783
(68-4033) (261-2172)

No q 1Ag - 630 9 - 529
(69-1980) (95-1723)

W4 X 105 PEW were cultured for 6 days with dengue or control - diluted at
1:30. Cells ere pulsed with 1.25 uCi 3H-TdR for 8 hours before harvett.
Results are presnad as average.

bn. responses of PM of dengue-inLmu donors who had a stimulation index of
greater than two with each of the four dengue antigens are included. The
stiimlation index was calculated frxu mean C4M iruoed by dengue Ag/mean CM
inlwed by control Ag. Quadruplicate sauples were used.

A-2. Detection cf IFl4 y in the aiLtur fluids of PERC stimufated withi&

We examined the cultie fluids ok TEMC stinulated with dengue antigens for
IFN using ELISA with monoclonal antibodies to human IFn and . IFN f was
detected at high titer in the culture fluids of PM frcm dengue-imuune domors
stitmlated with dengue antigens (p<0.02 ccapared to the amount of IFN y det-cted
in cultures of P19 from nan-immm donors), bit not in the culture fluids of
PEW stimulated with ccrntrol antigen or cultured alone (Table 2). IFN • was not
detected in the culture fluid of PEWM after stimulation with dengue or control
antigen (data not presente). The culture fluids of PEW from antibody-
negative donors stimlated with dengue antigens did not contain significant
titers of MFNs. These results indicate that dengue-imam PEW produce high
titers of IFN j after stimulation with dengue antigens, but do not produce IFWx.

6



My was detected at low titers in the culture fluids of PW from som donors
culturtd vithout antigens. It has been reported that PW frcm moo noa'lw
awkits produce IMy• during in vitro cultume without the addition of specific

Tbble 2: MfIy p vc~actiai by FM frcm demgii antibody-poeitive. donors
after stimalaticon with dengue antigensa

[onors Do" 1 Dengue 2 Iwngus 3 engue 4 Control No Ag
Ag Aq Ag Ag Ag

Dengue antibody-positive

Ti 25 120 28 70 2 2
?2 42 56 51 115 14 14
'T3 33 47 14 26 1 3
Al 32 43 61 38 3 3

xqranti giative

ml 8 5 8 5 5 6
M2 3 11 4 3 2 3
M3 <1 2 2 2 2 2
M4 <1 <1 <1 <1 <1

a4 x 105 M were cultured for 6 days with dewue and control Ag diluted at
1:30. Culture fluids were examined for I•f by EISA.

bibe titers of UN r Uxbced by der 3 and control antigens were cocpared by
Stuient's t test betwee denge antibody-poitive and antibodly-negative
1,o M, nYi ncbXrd by dengue lAU, p<0.001; by de ue 2 Ag, p<O.02; by
dengue 3 Ag, p<0.02; by denmfwe 4 Ag, p<0.01; by control Ag, pc0.2 (not
significant); withut Ag, p>0.2 (not significant).

B. Haman T cell rnses to demue viruses at a -lnal lewel

B-i. Establghnt. of dfe u-secific T Call clones usina a limitirm

We used PEWK from dm-or A who was know to be infected with dengue 3 virus
for clonaim. Table 3 shows proliferation respones of donor A PEHC to dengue
antigens in a balk culture.

7
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Tcble 3: Proliferative responses of the PE4C of dormor A to dek-ý;ue -
in a bulk culture

32H-TR i rorration (C.pam.)
Antigens Donor A Donor B* Dontr C*,

Dengue 1 5128 15932 481
Dengue 2 6643 5983 516
Dengue 3 2177 6772 682
Dergue 4 2883 4329 603
Control 660 1065 460
No 2%A 707 1091 450

*Donor B was known to have been infected with dengue 1 virus in Aruba in 1985.
**Donor C did not have anti-dengue antibody.

4 x 105 PEIC were cultured with dengue 3 antigen at a final concentration
of 1:30 in 0.2 ml RRII Containing 10% human AB serum in 96 well roun-bottcm
plates for 7 days. On day 7, blast cells were enriched by Ficoli-Hypaque
density gradient centrifugation and were cultured at concentrations of 1
cell/well with y-irradiated autologcus PEMC (i x 105)' in 0.2 ml RPMI
containing 10% human AB serum (ME), 10% IL-2 and dengue 3 antigen at a final
dilution of 1:30 in 96 well round bottom plates. On day 14, 0.1 ml of medium
was renmoved from each well and 0.1 ml of fresh medium with human AB serum, IL-2
and dengue antigen was added to maintain the same final conooctrations
described above. On day 21, cells in wells demonstrating groth were trans-
ferred to 48 well flat bottom plates (Costar, Cambridge, MA) and were further
cultured with 1 x 106 Y-irradiated autologous PEMC in 1 ml of RPMI containing
10% human AB serum, 10% IL2, and dengue antigen at a dilution of 1:30.

B-2. Antigen specificities of the clones

Fifteen clones were established ard were exined for antigen specificity
using dengue antigens of four serotypes. All the clones responded best to
dengue 3 antigen, aid they also responded to dengue 1, 2 and 4 antigens to
lower but significant levels (Table 4). Sane clones also responded to yellcy
fever antigen. Therefore, they are dengue virus-specific and serotype cross
reactive.



Table 4: Proliferative revrw of human T oell clones
to demoue a*iges

Clones Den 1 Mngm 2 Dmvfae 3 Ctzque 4 YF Omtrol Ag No Ag

JI3b 2322 1960 4816 1968 1226 398 200
JI-3 2052 1760 5482 1120 6A4 596 500
3130 1546 1630 2906 1238 456 620 356
JI•4 2581 2205 13809 1457 355 348 108
J106 1438 2078 2375 1394 641 436 708
J1927 6683 5711 11728 3839 1880 827 650

1028 1949 2286 2600 1681 788 684 633
J(30 8321 896 3246 721 276 112 218
M31a 745 1269 7309 837 397 140 133
JK32 1416 3290 4102 2410 1925 133 245
J3103 4530 8152 12756 6286 3070 1161 1949
ý3M4 2651 8457 9256 4253 1910 480 1076
J315 3507 4372 6260 5025 3854 2403 1290

3106 1732 13159 15055 7167 903 140 1225
J3107 4478 6958 26892 5827 2546 1223 1985

B-3. hebgtV-ic analysis of the clgM

Phmwtypes of the clones were examined using five manoc•loal antibodies.
Table 5 Irdicates specificities of the mnoclonal antibodies used.

Table 5: Specificities of the :n1clonal antibodies against human T cells

CD3 (anti-Leu4) panT

CD4 (anti-Leu3) helper/in&d r
2H4 suppressor irducer
4B4 helper for Ab production,
ae (anti-Leu2) surpressor/cytotoxic

All the c1onea had (3+, (C4+ and CE" Pheotypes. Six cluies examined

(J1C6, 31, 32, 34, 35, 37) were 2H4- 44+, and on clone (JC33) was 2H4- 4B-.

Bo-4. _ gcion by difi9 rl

Ve clones were examined for the production of IUN y and lyVhotLxin (UP)
after stimulation with dengue and yellow fever antigens. They produced high
titers of IFNy after stimulation of dergue 3 Ag. They also produced IFN ) after
stiinlation with dmfda 1, 2 and 4 antigens. The titers of IFN Y induced by
dengue 1, 2 and 4 antigens were not as high as those induced by denjue 3

9



antigm (Table 6). The did rot produce IW by the stimulation with specific
degu anties

Table 6: IFNy production by T call cloreS
after stimnlaticn with antigjer

rff=* 1 QNeMe 2 QWMu 3 I~se4 YF QMtrol Pa No Aa

JK0b 2 3 11 7 6 7 4
JK3c 4 3 16 2 5 6 7

MHe 3 6 10 4 2 5 3
JI24 33 4 53 5 3 <1 <1
JIM6 26 74 39 19 9 6 7
3J27 7 6 35 4 3 3 3
Jima 13 14 13 6 2 1 <1

SK30 1 3 15 3 <1 3 <1
JK31 3 3 8 2 2 5 6
J3M2 12 23 18 11 6 3 3
JK33 14 24 41 17 8 2 5
3104 6 22 23 10 4 2 3
J3M5 17 33 51 21 10 <1 3
J106 2 15 18 7 2 3 <1
J3M7 3 7 53 23 4 4 4

Bý-S. ILsis 01 dergiu v ue-infa''. autolomuis targ~zt calls by 3102

JK32 clone s examined for cytotcocc activity to dengue virus-infected
cells. We used as taret calls dengue 2 virus-infected, iAstein-Barr Virus
(EBY)-trazwformsc autoi.ogwus zyqphablastoid calls, uninfected EM-transforwed
Sautolo~s lyzq*Ablastoid cells and K562 cells. J312 lysed dergue-infected
autologouw target cells, but did not lyse uninfected target cells or K462 cells
(Table 7). Time ciarse study shwed that significant lysis ws detected at 2
hahxrs of incubation and the lysis reached maximum levels at 6 hairs (Table 8).

Table 7: Lysis of dengue 2-infected autologous cells by JK32

Effector/Target Dengue-infected Uninfected
ratio autologaus calls autologcus cells 1562

10 60 5 1
3 57 1 1
1 49 0 0

0.3 28 0 0

a5 x 1o3 target cells wre incubated with varies numbers of effector cells

for 6 Iutirs.

10
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Table 8: Time course of lysis of dengue 2-infected
autologo7Aw cells by J102

Iniubation % Imcific
tim Mque-i Uninfected

(a )target Cells target cells

1 6 0
2 23 1
3 40 2
4 59 2
6 83 10

* 10 87 9

dEffector/target ratio was 2,

We then examined the effects of mm cloa1 antibodies on the lysis of
dwqge-infected target cells by JN32. OK3 and OMIal antibodies inhibited the
lysis, but C01, W6.32 or 1.i did not (Table 9). These results indicate that
3102 lyse target cells via the CD3 molecule and in a HEA-MI restricted fashion.

Table 9: 01r3 and OKial inhibit lysis of deue-infected
target cells by MK2

YAM clcnal antibodies % inhibiticn,

Exp. 1 OMn 0
oN3 70
OKial 72
W6.32 22

Exp. 2 ORf 71
BEI.1 17

C. IFf l aumaents defame virus infection of human mw tic cells in the

We examined the effect of IF y on denjue virus infection of human moocytic
cells.

C-1. IFM aM~Mts dA maM virus infection of U937 cells in the Mresence ofanti-engue antibody
1937 oells mere incubated with 100 U/ml of recoumbinant IFII-Y (rIFW-f) for

24 hatum, and then were infected with dengue virus at a m.o.i. of 5 p.f.u./cell

11



in the presence of anti-dengue miuse serum. The percentage of dengue antigen-
positive cells was determined by idirect imunofluorescence staining 24 hours
after infection. Anti-dengue serum at final dilutions of i:1031, , and 105
aungmented infection of nontreated U937 cells, and further augmented dengue
virus infection, when U937 cells were pretreated with rIFN-Y (Figure 3).
Normal mouse serum which did not contain detectable levels of anti-dengue
antibody did not augment dengue virus infection of the nontreated or the IFN-Y
treated U937 cells (data not presented). Based on these results, we decided to
use anti-dengue serimi at a final dilution of 1: 104 in the following
experiments.

60F

" 50-

• 40-

oA
0)
C /

,30-

e20 %

1o 10

"102 10' 10' 108 104 No serum
Dilution of anti-dengue 2 serum

Figure 3: Effect of dilution of anti-dengue serum on dengue virus infection of
U937 cells. U937 cells were incubated with or without 100 Uml of rIHN-Y for 24
hours, and infected with dengue virus at a m.o.i. of 5 p.f.u./ml in the
presence of variable dilutions of anti-dengue mouse senmn. The percentage of
dengue antigen-positive cells was determined by indirect izmunofluorescence
staining 24 hours after infection. 0: U937 cells pretreated with rIFN-Y.
4 : Nontreated U937 cells.

U937 cells were incubated with variable amounts of rIFN-Y for 24 hours, and
infected with dengue virus at a m.o.i. of 5 p.f.u./cell in the presence of the
anti-dengue mouse serum at a final dilution of 1:104. Pretreatment of U937
cells with rIFN-'( at concentrations frcn 1 to 10,000 U/ml increased the
percentage of dengue antigen-positive cells. The percentage of antigen-
positive cells reached a maximum level by pretreatment with IFN-r at 100 U/ml
(Figure 4). When U937 cells were infected with dengue virus in the absence of
anti-dengue antibody, pretreatn-ent with rIFN-Y did not increase the percentage
of antigen-positive cells (1-3% without rIFN1-treatment and 1-4% with rIFNY-
treatment). Pretreatbrnt of U937 cells with 1-1000 U/ml of rIFN-( also
increased dengue virus titers detected in the culture fluids when cells were
infected with virus in the presence of antibody, but not when cells were
infected in the absence of antibody (Table 10).
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Figure 4: Degue virus infection of U937 cells pretreated with IFN-Y. U937
calls were incubated with variable muinentrations of I-N-Y for 24 hours and
then infected with dengue virus-antibody complexes at a m.o.i. of 5
p. f.u./cell- 7he percentage of dengue antigen-positive cells was detexmined by
direct I unrfluorescent staining 24 hours after zinfecion.

Table 10: Virus titers in the culture fluids of dengue-infected
U937 c•lls pretreated with IMN-).a

Virus tit•er (D.f.u.Iml)

Infection in the presence Infection in the
IFW-)' (U/Ml) of anti-dengue antibody absencoe of antibody

0 5.0 x 103 3.5 x 102
1 4.5 x 104  4.0 X 102
10 6.0 x 10 4  6.5 x 102
100 9.0 x 104 7.0 X 102
1000 1.0 x 105  6.0 x 102

'. U937 cells were irxnbated with variable Cocentrations of rIFN-y for 24
hours andl infected with dengue virus at a m.o. i. of 5 p. f u./'cell in the
presence of anti-dengue mse senr at final dilution of 10-4, or in the
absence of antiseru•. ca1ls were caltursd at 3 x 105/ml in RPMR =xat ng
10% FCS for 24 hours. Dengue virus ocutained in the culture fluids was
titrated using a plaque titration assay.
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C-2. prouce In Qy gUW_-inwm• lvMhbgMtM after stimuation with
anlti~e a •W dMA virus infeactico of U937 cells

nl-), proue by h=inx lymihocytes in vitro was used in the following
. _Ms. Pr frm a dwque Wtibody-positive xm~r were CultuUed with
dogue antigen for 7 days, and the culture fluid collected. The culture fluid
omtained 650 U/ml of IFNm- and no detectable IF-Y as determined by
radio�1z-asays specific for buman IlM amd rx . U937 cells were incubated for
24 hours with various; diluticia of this culture fluid and infected with dengue
-viru-antibody cVlexes. -Te diluted cul•m.e fluids fzm lyabocytes of the
dwgu&-im-lzw donr that had been stinulated with deugue antigfwo ard contained
10 or 100 U/ml of IFN-t', aurnted dengue virus infecticn of U937 olls as well
as rexcubinant IRM-( (Table 11).

Table U1: Culture fluid of a dengue-immne donr's IUW stinkdated with
dengue antigen augrmnts dengue virus infection of U937 cells

Source of IM(y Titer (U/ml) Paecenge of dengue antigen-positive celgsb

None 0 11.5 .

Dengue culture fluida 1 13.2*
10 21.6**

100 32.6***
R mirmnt IFN-Y 100 42.6***

a The PB fra a dn e-antbody positive donr were cultured with dengue
antigen for 7 days, and culture fluid was collected. This culture fluid,
which cotained IFN ( at a titer of 650 U/ml and no detectable IFN- - as
determined by RIA, was diluted to contain 1, 10, ard 100 U/ml of IFN for
pre-treatont of U937 cells.

b U937 cells were incubated with rIFN-" or with dei•gue stiblated culture
fluid for 24 hlrs, and were. infected with dmxgue virus-antibody occplexes
at a m.o.i. of 5 p.f.u./cell. MA percentage of dengue antigen-positive
cells was determined by indirect immuofluorescre-e 24 hmr after
infection. T percentage of antigen positive calls was coupared between
IFN- pretreited cells and rzaireated cells.

* p>0.05 (not significant)
* ** p<0.01

*** p<O. 01

C-3. Anti-IFN-Y antibody inhibits IM -ixLdgd aMuc tion of dengMe virus
infecion

Tb confi= that the IFN- r contained in the culture fluid is responsible for
the augented dengue virus infection smn in Table 11, culture fluid which
contained 10 U/mI of IN- y was incubated with a monoclonal anti-IN- y antibody,
and then was used to treat U937 cells. Culture fluid pretreated with an anti-
I'N-Y antibody did not augment dawue virus infectiorn but the culture fluid
pretreated an anti-IFN-y antibody did augment (Table 12). We also tried to
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block the effect of rUFN-) using a mcnxclonal anti-IFu-) antibody to confirm
that the rIFN-)-indnoed apmmtatica of infection was due to IF,-", and was not
due to other sustanes derived from the production of this reominant Ii- Y
in I- . (3). U937 cells were pretreated with 10 U/.l of rIPW-y Yhich had
been inubated with a monocloml IM- Y antibody or a polyclIcnal anti-IFNW,
antibody. An anti-UN- Y antibody inhibited the ai wting effect of rIFi-Y,
but anti-Md antibody had no effect (data not presented). These results
confirm that IW-Y is reespcuible for au~ittian of dengue virus infection
shown in Table fl-and Figures 3 and 4.

Table 12: IFN- contained in the culture fluid of PM is res;onsible
for auiqmting derqsue virus infectiUn of U937 cells

Percentage of
SOroCe of IF2U1- Antioxdies dequs antigen-positive cellsd

Denue r culture fluida None 66.0
Ant-i-IFN-'( 20.5
Anti-IFN- 59.6

ontriol cu1ture fluidb Noe 20.9
None None 15.0

Anti--IUN- Y f.4.
Anti-UN- N 12.1

a Dengue culture fluid as obtaine as described in the footnote of Table II,
and was diluted to oontain 10 U/Wl of Ill-)'.

b P06M of the same donor wre caltured with a control antigen for 7 days, and
a culture fluid was collected. This culture fluid, which contained no
det abe IFPN-) or IFM-a was diluted similarly.

c Derxgu culture fluid which cotains IM-)Y ws diluted to 10 U/m. and was
then incubated with 1000 U/mi of mroclonal anti-IFt- y and 2000 U/ml of
anti-'.-X at 46C for 2 hours.

d U937 cells were incubated with culture fluids for 24 k=urs, and infected
with dengue virus-antibody cxxplexes at a m.o.i. of 5 p.f.u./cell. The
pmycentage of dengue antigen-positive cells was determinid by indirect
iamunofluoresoent staining 24 hours after infecticn.

C-4. Hzman •onaa alckulin blocks *f4--A-ndu aiummntaticn of denoue virus

It has Lben reported that InN-r increases Fcr receptors on U937 cells. We
tried to determine hether the Ia -y-isxtue aumnaticn of dm"ue virus
infection of Fcf receptor m•dicated. U937 cells which had been treated with
100 U/ml rIFN-Y for 24 hors wer irncubated with Y-glcblin at 46C for 20
" mintes. Calls were then infected with dengue virus-antibody cuuplexes.
Y-glcbilin irkibited infection by dengue virus antibody complexes of U937 oells
hich were trted with IFN--', ereas bovnl, semn albumin at the same

cn-itration had no effect (Table 13). TIhese results suggest that the IFN-Y
nbx aumntation of dengue virus infection is mediated by Fc ' receptors.
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Table 13: InhiW-ion of 11W-y irduoed auantation of
e uL us infection by human ý.qlcbylin

Blocddng Ileaget 11W-) PT6re0-treent No M~Y pretr'eatment
100 U/2mi

None 40.8 11.5
Y-G1hlAin (10 M/ml) 1.8 <1.0
ESA £1Orru/m1• •41.6 116
a U937 cals %dich had been treated with 100 U/ml of rUN-f for 24 hours ware

incubated with human r-gqld lin or bovinsrum albuin at 44C for 20
udrutes. Cells were infected with dengue virus-antibody cceplexes at a
m.o.i. of 5 p.f.u./cell. The percnage of dengue antigen-positive cells
was determined by irdect imunofl-6mo 24 hours after infection.

C-5. I=-Y doe not aWgM= dt viru infection of u937 calls in the
_Rmon of F(ab*)2 fracticn of anti-denamue Wu alilto

We then used the F(ab')2 fraction of anti-dengue IgG, to confirm that IFN-Y
-in d au ntaticn of dengue virus infection is Fcy receptor-nediated.
PretreaI-m of U937 cells with IFN- Y did not augme•t infection when cells were
infected with dengue virus in the presence of F(ab') 2 p from anti-dengue
IgG, but IUN-Y-pretreatmen augmented ire-ction when cells were infected with
virus Jn the presence of purified anti-degue IgG at 0.1 to 10 pq/ml (Table
14). This result confirm that the IUN-Y-LIuced auentatio, of dengue virus
infection is mediated by Fcr reoeptora on U937 cells.

Table 14: F(ab')2 prepared from anti-dengue IgG does not aug-ent dengue
virus• i•ecti~cn of U937 cells pretreated With IpN-ya

Final an-naftation PercentAe of demue antioen-zsitive cells
of Ig and F(ab') 2  N
M& • m(ab'2 I2 _ Fcab')2
None 1.0 1.0 1.4 1.4
0.001 1.3 1.3 1.0 0.5
0.01 6.2 0.9 3.5 1.5
0.1 36.5* 2.1 9.8 1.2
1 73.7* 0.4 34.2* 1.2
10 36.5 <0.3 16.8* <0.3
100 11,4 0.4 7.0**- <0.1
a U937 cells were incubated with or without 100 U/mi of rIFN-T for 24 hors,

and infected with dengue virus at m.o.i. of 5 p.f.u./ml in the presence of
varicus cmcentaticor of purified anti-dengue IgG or F(ab') 2 prepared frcua
IgG. The percentage of dengue antigen-positive cells was deteiuined 24
hours after infection. 7he percentage of antigen positive cells was
campared between IFN-Y-pretreated cells and nontreated cells at same
Canentratiors of IgG and F(ab') 2.

* p<0.001;
** p<O.005; p>0.05 (not significant) at other Concentrations of IgG and all

the I-aMKrtrations of F(ab') 2 .
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C-6. Aimntation of yet = vgrus infetion ,;r'relate with increase in
ntber of Ft X

We tried to determine whether there is a occ~vlation between the number of
Fcy recetors and the percentage of dengue anti- sitive cells. U937 calls
were incubated with variable cocentrations of 11W-y for 24 hours, and examined
for Fo recq*Ao expressicn by quantitative FACS-analysis after exposare to Mb
32 %ftich is specific for human ftyIt. The perrentage Cf antigen positive calls
was tI amined 24 hours after infection. Mwe results shown in Figure 5

utrate that ther is a good cbetn the percentage of dengue
antiW itive cells and the rnber of Fc receptors.

2.StO' 60

301

20

Figue° 2 5-• 10 100
CWK of FN-7t {U/.m)

Figure 5: Correlation between M-I increased Flbreceptors and dengue virus
infection. U937 cells =a irKfbted with variable titers of IFN-Y for 24
hours. Calls were infected with dengue virus-antibody cuplexes at a m. o. i. of
5 p.f.u./cell. Ihe percentage of dengue antigen-positive cells was determirwd
by indirect imuofluorescent staining 24 hours after infection. The relative
rAmbers of Foy receptors was measured by quantititative FACS-analysis.

C-7.. Auir tationof denue virus infection of human onocvtes I& M4N
prdgO y BWin =M=ns to dengsue AMtce

We tried to determine whether the culture fluids of PMC stimulated with
dengue antigen could augment dengue virus infection of human mznocytes.
Culture fluids were obtained from dervue-immune PH after stizulation with
dengue antigen, and they were then diluted to contain 3 U/mi of IFN. Culture
fluids of the same dengue-l•zmn MfC that had been exposed to control antigen
were similarly diluted. Hwuan monocytes were exposed to these oulture fluids
for 24 hours. They were then washed and infected with dengue virus-antibody
couplexs. a similar percent of the mounocytes cultured without addition of
oclture fluids frm PENC and those that were treated with the culture fluid
fra dengue-lmume Kt that had been exposed to control antigen became
infected and expressed dengue antigens; hwever, an increased nrter of the
moocyts, treated with diluted culture fluids frum dengue-immune PEIC that had
been exposed to dengue antigen and contained 3 U/mi of IFN" had dengue viral
antigens (Table 15, p<0.001 in Exp. 1 and p<0.01 in Exp. 2). This augmentingeffect of dengue antigen-tilated culture fluid mas abrogated by anti-IFN-jantibody, but not by anti-IFlL- antibody (data not presented).
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Table 15: Amntation of denue virus infecticon of human monocytes
by IFN y by MC in respose to dengue antigen

T~~b=*~ Of a*.ima-yostiv d MW qW M= Celig

None (RFMI containing 10% FMS) 22% (64/286) 5% (15/274)
Diluted cult•ire fluid of PEW

stizmilated with d antigen 37% (99/265)* 12% (38/325)***
- Diluted cawture fluid of PM

intiml•,ation with gaiitol antto_ 24% (75/310** 5% (14/301****

Oilturs fluids obtained ftrc des u-Sian MC after smlainwith dsnjue
ar.igen were diluted to oantain 3 U/mI. of 'nTJ and culture fluids of the see
Sexqeed to control antigen, whidr did not cxuna•in detectable levels of IM
Swre diluted similarly. After treatment with thee fluids for 24 hours,

himn monocytes were infected with dengue virus type 2 at a i.o.i. of 10
p. f.u./cell in the preseri of anti-degue 2 wuse serum diluted at 1: 10000.
'he percentage of woncytes infected with dengue virus was determined 24 hours
after infection by indirect iun.mfluoreoev.

The percentage of dengue anti-positive moncytes precreated with culture fluids
of FEW stimilated with dengue antigen or control antigen were coupared with
the percentage of dengue antigen-positive mmn-ytes which was not treated with
culture fluid by Chi-square test. *p<0.001; **p>0.5 (not significant);
***p<0.01; ****p>>.7 (not significant).

III. Dissicm

7he role of T lynocytes in rcovery from dengue virus infecticrs and in
the pathkogenesis of severe ccuplicaticns has not been elucidated. in this
report we -m mtrated dengwuepe-ific T lyW ocyte proliferative responie
with PA of derue-antibody positive humans. We ised fixed, sonicated dengue
virus-infected Vero cells as antigens, as previously reported with measles
virus (4), because cell-free preparations of live dengue virus did not
stimilate PE of ue,-imme donors (data not presented). Proliferative
ragotum induced by these antigens are e ific, because PBW of dengue
antibody-positive donors respond to dengue antiges but not to control antigen,
and PBMC of antibody-negative donors do not respond to dengue or control
antigeme. Antigens of the four dengue serotypes induced generally similar
levels of proliferative respones of P9BZ from the Thai adult donors. The
dengue infection histories of these adult Thai donors are not komwn, but they
all have high levels of antibodies to the fcur dengue seroyps, presumably as
a result of prior natural infections. MT- PBE of an American donor A, who had
been inmmized with yellow fever vaccine and later became infected with dengue
3 virus, responded best to dengue 3 antigen but also responded to dengue 1, 2
and 4 antigens to some degree (Table 3). 7hese results aqest that human T
cell responses to primary dengue infections include both tye-specific and

rotype crss-reactive responses.

We then established 15 derque-specific T cell clones using donor A PBL to
further analyze human T cell responses to dengue viruses. All the clones
responded to dengue 3 Ag best, and they also responded to dgue 1, 2 and 4
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antigens to lower but significant levels. These reults suggest that T cell
r to dengu virus are seotype cross reactive to varying degrees
dqxdUng on the cl1e at the cIcnal level. We are defining the dungue
eitpe Wich ae recognized by bann T 1ymphocytes. Dengue viru3 has three
structuiral proteins; awelcps protein (E), # nrarm protein (M) and capsid
protein (C) (5,6). It also indueos sen ixn-truitural protLins, Ml, Ns2a,
NS2b, NS3, M4a, NS4b and NS5 (5,7). Although the role and ii
prertiea of these ten proteins has not been defined, E protein is thought to
contain epitopie which Indue nsztralizing antibody rspnes (8). Monoclonal
anibcde to E pWrtin prWotct i•ice from lethal degue infection (9).
JPKeu*ly, it has been reported that imamizatian of mice with dengue 2 virus
HSI protein provided significant protection agai•st lethw' ctmalenge with
dengue 2 vihus (10). Identification of the epit•pns or dergue antig" which
are recognized by T cells and may have a role in protection or in the
pathogenmsas of MW and WS is an iportant area for research.

Th this report we also demonstrated that dengue-specific CDO+ T cell clones
produce FN 'after stimulation with dengue antigens. We examined the effect of
IFN ( on damiue virus infection of hum- wcmcyticc cells, and duiutrated that
IFN-f auits dengue virus infection of U937 cells in the presence of anti-
dnue antibodies. Thds effect is Ftc receptor-mediated, because (i) IRF- r has
no augmenting effect on the. infection of U937 cells when cells were infected
with dengue virus in the absence of anti-dengue antibody, (ii) IFN-Y does not
a41u;ent dengue virus infection when cells wre infected with virus complexed to
the F(ab') 2 fraction prepared frc anti-den" IgG, (iii) IFN-Y has no
aupa ing effect when Fcr rea•kors on U937 cells are bloc)ed by -g-lcbulin,
and (iv) thre is a good crrelation betwe the percntage of dengue antigen-
positive cells and the mbe•r of FPr receptors on U937 cells. We dbserved that
IFNy o inc the mmgtr of F(12 receptors tn U937 cells as previously reported
by othar investigators (1of2). rased on ese o sevations, we conclude that
the incease in the number of Fc f receptors on U937 cells indued by IFN-Y -

leads to an aumnted uptake of dengue virus in the form of dengue virus-
antibody coeplexes, which results in a higher percent•ae of dengue infected
cells, and in higher yields of infectious danu virus. IFN also aunented
dengue virus infection of human m~wcytes enriched frou peripheral blood
n auilear cells, when monocytes were infected with virus in the presence of
anti-dengue antibodies. IFNf did not aumnt dengue virus ifection of huftan
nAricys mwhen cells were infected in the absence of antibody (data not
presented).

It has been reported that IEN- : has no or little effect on the number of Fc
receptors on Monocytic cells (11,12). We found that IFN-o suppresses denjue
virus infection of U937 cells at doses higher than 1 U/ml even when cells are
infected in the presence of anti-dengue antibody (data not presented). We
attribute this suppressed effect to the antiviral activity of IN-I. We
recmtWy reported that high levels of ImQ were produred by dengue virus-
infected wonocytes; (13) and by ER+, nn-T lymphocytes cultured with dengue-
infected amK ytes (14), furtherore the IN' produced was active in limiting
infection of humanm icytes by dengue virus (13,14).

It has been hypothesized that inaceased infection of monocytes with dengue
virus in the form of dengue virus-antibody omplexes may occur in vivo and play
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an Ii~ortaft role in the pethoqernsis of dengue hemorrihagic fwvr/dengue shock
Syl 1, (MWIFS) (2). This is 4orted by We I.i-ological studies which
rep- ted that met of SW/DGS emz during 9sexadary dengue infectiom
wn anti-denm antibodies are preaw* (15,16). We have also found that the T
ly ct of individual who have antibodies to dengue viruses proliferate
and produc high tites of IM-Y after s4i1ation with dengue antigwo in
vitro. The IF*-Y produosd by denge virus stinulation of imms T Cells was
active in aw*nting dengue virus infection of U937 oells and human wo.ytes.
Thnerafoe, a e ypoth1iie that IlIN-y is produosd by que-specific T
lyqkaytM durinv sexXy dengtue Infecticne after stimulation with conserved
dengue antigen and the 1W-Y poftmd m•g h omribite to the pathogenesis of
MW/USS by .utwrAng fty reoq~tor eoqreneicn on buan awytes, tUwr~y
inreimng the number of infected monoxytes and the yields of infectious clengue
virus in the presoe of anti dengue vims-antibodies.
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